Every neuron in the brain faces the task of discriminating useful incoming signals from a background of useless noise. Much of this noise is inevitable in any miniaturized device and comes from the stochastic behavior of the signaling molecules from which neurons are constructed. In a recent study, Field and Rieke [1] have taken a reverse engineering approach to an early step in vision to examine how this is done; they find, counterintuitively, that to optimize performance much of the signal is thrown out with the noise.
Because light arrives as discrete quanta, the problem of seeing in very low light conditions is essentially that of signalling the capture of enough photons for reliable statistical estimates about the relative brightness of different parts of the visible world. Mammals, particularly nocturnal mammals, have retinas with large numbers of rod photoreceptors dedicated to low light vision. Each rod is a very high gain detector with 10 million copies of a light-capturing molecule, rhodopsin, coupled to a multistage biochemical amplifier. When a photon is absorbed by one rhodopsin molecule, activation of the biochemical amplifier results in the closure of cation channels in the plasma membrane, giving rise to a current blip lasting about one second and about one picoamp in amplitude.
The consequent small voltage signal is propagated to the axon terminal, where it is passed on to the next layer of cells, the bipolar cells, through three different pathways. 'OFF' bipolar cells, which signal a light increase with hyperpolarization, receive rod signals in two ways: first, via a recently discovered direct synaptic connection between rods and OFF bipolar cells; and second, indirectly via rod-cone electrical coupling and cone synapses. The most prominent pathway, however, is a direct synaptic connection between rods and a type of ON bipolar cell, the rod bipolar cell, that draws input exclusively from rods and is thought to be part of a special pathway used for vision in the dimmest environments. Very likely, as suggested by van Rossum and Smith [6] from a modeling study, the crucial element is the mechanism of glutamate sensitivity on the rod bipolar cell at the rod synapse. This mechanism has long been recognized as being unusual, because glutamate release by the rod closes cation channels in the rod bipolar cell membrane. It is now known that this is mediated by the metabotropic glutamate receptor mGluR6, coupled through the G protein G o [7] . In the dark, rods release glutamate at the highest rate and photon signals, because they cause a hyperpolarization of the rod, diminish this release rate. To explain the rod bipolar cell nonlinearity, we have to imagine that the postsynaptic mechanism is saturated in darkness and therefore insensitive to the fluctuations in glutamate release caused by dark noise and the smaller single photon signals of a rod, but nevertheless able to respond to the bigger single photon events.
Whether the saturated step is glutamate binding to its receptor or, more likely, an internal step in the G protein signaling pathway is not known, but wherever it lies it obviously has to be critically adjusted to prevent, on the one hand, transmission of overwhelming useless noise, and on the other, blindness to all photons. Both cGMP and Ca 2+ , admitted to bipolar dendrites, can modulate the properties of this transduction cascade [8, 9] , and either or both of these messengers might have a role in setting the exact position of this nonlinearity.
In some teleost retinas, a type of ON bipolar cell, the Mb1 cell, has input from rods and is thought to signal in dim illumination. This bipolar cell also incorporates a nonlinear thresholding operation, but in this case the mechanism is one in which the axon terminal of the bipolar cell generates a single Ca 2+ action potential [ 
